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A bstra ct
Thispaperdeals with regionalsalinty m an age m ent ofthe No rth Chin aPlain, T he a uthors ofprcse nt
paperpaidcarefulatte ntio ntothefact that theba sic char a cteristic s ofs alinitydyrLa mic s a rein clo s e
relatio nto w ater. Pa rticularlyin s emiarida nds emi humi d natar e as,the w ateris riot O nlyadrivingfo r c e
fo r salts,butals othe m o stimpo rtant state variableha vingade cisiveiI血 en9e On s oilsalinty. Onba sis
ofs uchprin ciple, the a utho rs studiedthe appr o a che sto c otltr Ol the s alinizado ninthe No rth China
Plain.
I.Introdu ction
lnChinathe salin e s oils c anbefo u nd in wide are a s ofits n o rther n a ndn o rthw e sternparts
ロl･ Thetotal
are aofs alin e s oils withdiferent types a m o untsto about20- 25mi llio nha, ofwhich ne arly10millio n
ha ofcultivated lands under s e c ondary salinz atio n. The salinizatio npr o c e ssisdynamic o n efound in
theNo rth ChinaPlain(NCP).
TheNCPlo catesin northbutit
'
s politic ally, ec onomicalya ndculturalyce ntralpla c eforthe c o untry･
BeijingCity, the country
'
s c apital,justliesin the 1 0rthern edge ofthe NCP. Spe cialy,it
'
simportant
regi o n Ofagnc ultur e. For instance,theNCP
'
s ann ualgrain a ndc otto nyields m ake up18% and5 0% of
the nation7stotalyields, r espe ctively. How ever,theproble m sinthede v elopm ent a nde n vir on m e nt are
stillr emain edto be s olved in te r m s ofs u stain abilityin the futur e. For e xample, low er yield are as
occupleS millio n s ofhectar e soffarmla nds. Theland degradation ha sbe an fo r m edbyinnuence s of
follow lnglS Sue S:
l. Flo odinga nddro ughts o c c u mrlg a C r O S Swithahigh&equ ency;
2. Saliniz ation andalkali2.ation spreadingseveralten c o unties;
3
I Wate rlogglng PrOblernin m anydepre s sions;
4L Se aw ate rintru sio n alo ng seve ralre a ches ofco a stalreg1 0 n Sbe c ause ove rdra氏 ofgroundw ater;
5
I Sedim entation and w ate rshortagePrOble ms1
Obviou sly, above listed iss u e sa reallsubje ct to wate r- r elated c o n strairlS, W hich have seriously
influencedthe furthe rdevelopm ent , con sequently winbe a chiefthre at on sustainabilityinthe NCP･
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Ill Salin eSoils and RegioIIaI Sali-1ity Balan ce
T he N C P islo c atedin adeposition are aofsalt ands edim ent, w hich re sultsfromits s urroundings of
w est m ou ntain o u s r egio nsin cludingtheLo e ssPlate a u, Taihungand Ya n shan M o u ntains andofe a stern
s e aw aterintrosio ns, Sothe area ca nbegeneralized byslow pro c e s s e s ofs alt a c cu mulationin regional
s oils･ Appar e ntly,the soils ar eunderpotentialcha ngeinto s alinization e ve nalkalizationin a c c o rda nce
of hydrologicalstate sand the en virorlm e nt･
T he r e ar ediffe r e nt type s ofsalin e s oils mainlyfoundin Heilo ngga nglo w
-lying plain andc oastalplains･
T hefo r m e r c ov e rs m orethan40c o u ntie s a sinlaJlds aline s oilar e awith baddrain age c o nditions. The
htte rlo cate salong se ashore s a nds altaccu mulationha sbee n affe cted bytheBohaia ndHu anghaise a s
fo rlo ngtim e pedods.
The regionalsalinitybalan ceis ofimpo rta nceinbette ru r,dersta nding ofreg10 nalsalinty m a n agem e nt
inter ms oflarge r s caledengl n e eringde signlngtO effe ctivelyc ontr olsalinization ･ Aprincipalm ode
lc a n
be writte n asfollo w s:
RSB - CIP ＋ C2R i- C3Ro - Si＋ Sr ＋ Sf (1)
wher eR S B- r egio nalsalintybala n c eintons;
Cl - salinty conte nt ofpr e cipita･tio n(P);
c 2 - s alt c o ntent ofsu rfa c e run off(Ri)inflowinginto salintybala n c eregion( give nregion);
c3 - saltc o rt e r[t ofs urfa c e ru n off(Ro)o utflowingfr om thegive n r egio n;
Si - salts us ed bycrops/punts;
Sr - salts re m ained bycr ops/pla nts;
Sf ≡ saltsbro ughtbyfertiliz lng.
Ac c ordingtothedata obs ervedinthe N CP, the s alts a re a c cu m ulatingaJlnu allya m ou
nti ngtO about
300kg
[2】L They are mainlyc a m e&ominno wingru n offand dive rting w aterforfarmla nd
irrigation ･ Itis
domin ant part of salt
･
s a c cu mulatio nin the NCP･ Be c aus elarge qua ntlty W ater COm e S丘om
pr e cIPltatio n,itals obringsc ertain a m o unt ofsaltsintotheplain,throughits saltc ontentis m uchlo wer
than surfa c e凸o w s.
As for otherterm sin equatio n(1), Ro als oplaysimpo rtant r oleinbala n cingthe s alinityinthegiven
r eglOn･ Du etoin cre aslnglyhu man a ctivities sin ce 1970
,
s
,
the Roha sbeen de cr e a s ed sharply with
interc epting m ore and m o re w ate rfro m Ria ndP for water supplytoirrigation a
nd u rban -industrial
s e ctors. The refore, the proble m in pr e se nt salin ity a c c um ulation ofthe NCP m ain
ly re sults fro m
reductio nof Ro(Table1). T his t able als o m e a nsthat the N C Pis now s ufferingfrom se rious
w ater
shortage.
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Table1. Adecr e a s ein runo打 o ut且owinglntOthe s e a&o mN CP fo rla st4de c ades,
(in 100millio n Gu . m)
De cade s 19507s 1960
'
s 1970's 198 0's
Ru n offof NCP
Out且ow Ru noff
Ratioin %
29 1
224
77
295
1 65
55
293
120
41
330*
100
33
*
plu sdiv e rted w ater&o mtheYet)ow River
Ill, W ater atldSalinity Reh tioTIS
As above- m e ntioned
,
w ater playsimpo rta nt r olein te rm s ofitsduality as adrivingfo r c efor salt
m ove m enta nda state variable ofsalin tydyn amics, The fugu re1sho w sho w一he w ater且u xe sd rivethe
salts.
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Figure1 WaterCycle DrivingSalt M o v em e nt
Fr o mFigur e1 w e c an seethat the a ction of hydr ologlC alcyclebrings s altsto m ovebuilding upthe
ba sicproc e ss e s ofs alinityfor mation: aggr egation a nds c atterL
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In addito nto above- m ention ed drivirl岳forc e ofw ater, hydr ologlC alstates als ohaveimport ant rolein
sal inizat onpro c e ss es. lrltheN CPthe saline s oi一s ar e mo stlyscatt erindepression s withshallow bu ried
gro undw atertable･ Sothe s altsin s oilv ary greatlyc oin ciding withchange sin grou ndw a tertable･ In
ge n eral, thehigherthele v elofgro undw atertableis, the m orethe saltwi u beintop s oils･ Particularly,
inthe NCP
,
the shalo wgro u ndw ate rfou ndin m a ny pla c e s c o ntaishighe r c o n c entratio n ofs alts as
salin e w ater a nd brackish w ate r. Table 2show s a co m m on fe atu re ofrelationshipbetw e en the s alt
co nte ntsin s oila ndbu riedgr oundw atertable s,
Table2. Relatio n sbetw e e n s oilsalinity andburieddepthofgro undw ate rtablein NCP
w atertableburied 0,3-1.5 0.5-1.5 0.7-2.0 I.2-2.1 > 2.1
c onc entration(g/I) > 4 3-8 216 113 < Ilo
s oilsaltc onte nts(%) > o.6 0.42-0.6 0.22- 0.4 0.12-0.4 < 0.1
Fro mTable2 w e c anseethat the min e r alc o n c e ntr atio n als oisin clos erelationtogro undw ate rtable.
The refor eburied depthofgro undw ate rtable c anbe consider edasa c ritical indicatorto e valua t e andto
contr olthe salinity.
Considering above- m entioL)edtw o a spe cts, the a uthorsdefir)edthatin the N C Pan optim alburied
depthofgro u ndw atertablebelo wtheland s ulface lSgreate rthar12･1 m eters or so l In additiorL,there
w er e otherburied depths ofgrou ndw atertabledefined, whichc anbe employedto regulating w aterand
salinityrelatio n sfo rlandu se manage m e nt(see名gu r e2)
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Figu re2 Sche m a(ic diagra m of(he signjfic aJIC ein w ate rtab)e states.
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In丘gure2the symbols a r e
"
1
' '
a nd
``2
”
pr e se ntgr oundw ate rdis charge(EC)andr echarge(FS)vstheir
burieddepths ofw atertable, respectively;
"3”isbala nce cu rve :
” r =F S-EC;hisbu rieddepths of
.
gr oundw ate rtable;Iib isbala n c ed depth ofF SandEc;Hmis maxim u m recha rgedepth;Hgis n et
maxim um valu e ofF S- EC;Hd is adepthat whichEC
-0;Hcisthe critic aldepthofs alinizatio n,belo w
whichthe salts c an notbe upw a rdstotops oil;Hpisthedepth de sir ableforhighyieldofcrops,
IV. Regio n als alinizatio n c o ntrollillg
Althoughwater andits m ove m e nt ar e critic al for salin z ation for m ation,the re ar e m a ny othe r w a土ers
relatedfa ctors(
･
1l
,
which c aninv olvein c ontr ollingthe salinity. T heyar e m ainlystructurala ndadaptiv e
m eas u r e s or n nstructual m e a s ur es:
1. Principalstrn ctt)r at m e a s ure s
- Toimpr ove regio nal drain age syste m sinterm s ofr e c o n stru ct e nla rged drain age c a n als, r eferringto
b ala n c eRiandRoi.e.
,
Ro - Ri a sirlthe equ atio n(1);
- To r edu c e s urplus w aterinthe w ate rlogged depre s sio n sbysettlngupu Tlde rgr o u rldpipe and w ell
pu mplng n etW O rks, r eferingtoke eping thefieldw ate rtablebelo wthe Hc asin鞄ur e2;
- To pu mpgr oundw aterfo rimgatio nin o rde rtolo wdo w n gr o u ndw atertable as s o ciated with
w a shing anddilutingsalintyoftops oils, This m e a s u r eha sbe ende v eloped in､theNCPsinc e1970
'
s
with fairly go odr e s ult;
21 M ajor adaptiv em e as ure s
The s em e a s ure s ar e n o n stru cturalonesincluding vario u s agncultur alm ethods:
- Tolevel lands urfa c ein orde rto pr ev ent a c c u m ulatedsalt spots a ss o ciated withplantlng Salt
-
tolera ntc r ops l nlin ewithlo c alc ondito n s;
- To develop paddyBelds with ricc pr odu ctioninthe w ate rlogged depre s sio ns, wher eareha rdto
discharge w aterby structu ral m ethods;
I Toimprove salin e s oilsby m odifyings oilpropertyinterm s ofe mployi7.A gr e e n man u re/ o rganic
ma nure, fo r exar nple, plantingS e Sbania;
I Toplant windbr eakfore stbeltsfar reducing windspeedandevaporation;
3･ Salinityc ontrol m odelitlg
This m odel w a sdevelopedfor rationalim gatio nin orde rto pr e ve nts e c ondarysalinizatio nintheN C P･
Theba sic consideration wa sthe c ontrollinggrou ndw atertabledepthto avoidings altsgolnguPtOtop
soils andto sav e water. Figu re3 sho w sthe stru ctu re ofthe m odel･
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Figu re3 i)iagr a mof w ate rinte r a ction m odeling.
V. B rief(:on clusioT]S
Anexperie n ce ofthefarm ersin theNCP sai dthat
"
the s alt c o m e swith w ater andleave swith w ater
'l
,
It's reallys cienti6ctruth. T he reg10nals alinity controlwill be agre atchallengefor w ater c o n s ervation
w o rk
. It r equlreS uStO rationaly utiliz e w ater r e s o urc es 如thspecialr efe re n ceto pr e ve ntio n ofo ur
limitedlarldre s ource s againstland degradatio n . Finally, w e c a nbeto w ardsthe sustain ability.
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